Background: Probiotics are microorganisms that have beneficial effects on the host and are safe for oral intake in a suitable dose. However, there are situations, in which the administration of living microorganisms poses a risk for immunocompromised host. The objective of this study was to evaluate the influence of several fixation methods on selected biological properties of L. rhamnosus GG, that are relevant to its probiotic action. They modulate many metabolic, immunological, and trophic functions of the host organism.
They modulate many metabolic, immunological, and trophic functions of the host organism.
Probiotics may be used to maintain the balance of the intestinal microbiota of healthy individuals, as well as to aid its recovery during and after treatment of diseases (Allen et al. 2003) . Certain beneficial effects were also observed upon administration of probiotics to patients suffering from diseases not related to the digestive system, e.g. atopic dermatitis (Kalliomaki et al. 2001, Schroeder and Christophers 1989 ).
The molecular processes in which probiotic microorganisms perform their beneficial action are still not clearly understood. Probiotics can directly interact with the enterocytes by adhesion or influence the host by their enzymatic activity (Lebeer et al. 2008) . The process of adhesion is a multistep and complex phenomenon involving both, physical and chemical
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SpaCBA as an adhesion molecule was confirmed, but it is also known that it takes part in the formation of biofilm and reduces the production of IL-8 by intestinal epithelial cells, thereby reducing the immune response directed against L. rhamnosus GG (Lebeer et al. 2011 ).
The genes encoding SpaCBA fimbriae, as well as sortase participating in its secretion, are located in L. rhamnosus GG genome within LGGISL2 island (Sybesma et al. 2013) . L. rhamnosus GG used in this study has the ability to produce SpaCBA adhesins, which has been confirmed in previous work (Markowicz et. al. 2014 ).
Cells of the lactic acid bacteria genus present in the gastrointestinal tract can also alleviate the symptoms of lactose intolerance by synthesizing the β-galactosidase enzyme (Li et al. 2012 , Palacios et al. 2005 . This important metabolic feature that allows lactose metabolism is reduced in the L. rhamnosus strain GG because of frameshifts in the antiterminator (lacT) and 6-phospho-galactosidase (lacG) genes (Kankainen et al. 2009 ).
However, this strain retains minute β-galactosidase activity (Ling et al. 1994) . The aim of this study was to evaluate the influence of inactivation methods on selected biological properties that are important for the probiotic activity of L. rhamnosus GG.
Therefore, several fixation techniques (routinely used in experimental studies and in the preparation of antigens for immunization) were tested on L. rhamnosus GG cells. Following inactivation, major properties of the bacteria cells were tested: enzymatic activities, adhesion to enterocytes and modulation of selected genes expression in enteroctyes.
Material & Methods

Human and bacterial cells.
The strain used for the study was L. rhamnosus GG (ATCC 53103) derived from a dietary supplement (Dicoflor, Vitis Pharma, Warsaw, Poland) . Bacterial cultures were carried out in MRS medium (Biocorp, Warsaw, Poland) at 37°C in an anaerobic jar. Probiotic bacteria adapt their metabolism to the environmental conditions. Anaerobic growth was thus used to simulate conditions existing in the lower parts of the human gastrointestinal tract in order to facilitate proper interaction with intestinal epithelial cells. For the adhesion tests, the Caco-2 cell line was used. The cell line was obtained from the European Collection of Cell Cultures (ECEAC) and cultured in Dulbecco's modified Eagle's medium (Lonza, Verviers, Belgium) containing 10% (v / v) heat-inactivated calf serum (Lonza, Verviers, Belgium) and 1% nonessential aminoacids (Lonza, Verviers, Belgium) . The cultures of Caco-2 cells were carried out at 37°C, at 10% (v / v) CO 2 in air.
Fixation method.
Six different fixation agents were used in various concentrations and treatment times.
Solutions of chemical agents were prepared in phosphate buffered saline (PBS) with calcium and magnesium ions, pH 7.5 (Lonza, Verviers, Belgium), composed of (g/L): 0. Before fixation, bacterial cells were washed twice with PBS and resuspended in the same buffer. 10 ml of bacterial suspension (optical density of 0.5 ± 0.05 at 600 nm) was centrifuged (16000 x g) and resuspended in equal volume of fixing solution followed by incubation at RT or 4°C, with agitation, for a suitable period of time (Table 1) . Alcohol based fixatives were used ice-cold. High temperature fixation was carried out after resuspension of bacterial cell pellet in PBS. After completing the fixation procedure, bacterial cells were washed three times with PBS, and resuspended in the same buffer. PBS with calcium and magnesium ions was used in order to provide optimal conditions for ionic-interactions that may influence structure of bacterial cells. To verify that fixation method kills bacteria, 50 µl of fixed bacteria suspension at optical density of 0.5 ± 0.05 at 600 nm (which corresponds to 10 8 cfu) was plated on MRS agar followed by incubation for 48 hours at 37°C under anaerobic conditions.
Enzymatic activity of fixed bacteria.
The evaluation of enzymatic activity of fixed bacteria was performed using colorimetric assays. Chromogenic substrates were used to detect alkaline phosphatase, peroxidase, and β-galactosidase activity of cells. Before the analysis, bacterial cells resuspended in phosphate buffer with calcium and magnesium ions, were normalized to OD 600 = 0.05 ± 0.005. Assays were performed in triplicates.
Alkaline phosphatase activity detection was carried out with p-nitrophenyl phosphate (pNPP;
Calbiochem, Warsaw, Poland). 200 µl of pNPP solution (1 mg/ml) was added to 200 µl of fixed bacterial cells in suspension and incubated for 2 h at room temperature. The reaction was stopped by the addition of 100 µl of 3 M NaOH per reaction mixture. Bacteria were D r a f t 7 centrifuged at 16000 x g for 1 min, 100 µl of supernatant was placed in 96-well plate for colorimetric measurement at 405 nm.
Peroxidase activity detection was done with 3,3′,5,5′-Tetramethylbenzidine (TMB; SigmaAldrich, Warsaw, Poland). The 200 µl of TMB solution (1 mg/ml) was added to 200 µl of fixed bacterial cells in suspension and incubated for 2 h at room temperature. The reaction was stopped by the addition of 100 µl of 10% (v/v) phosphoric acid per reaction mixture.
Bacteria were centrifuged at 16000 x g for 1 min, 100 µl of supernatant was placed in 96-well plate for colorimetric measurement at 450 nm.
The β-galactosidase activity was measured after the incubation of cell suspension in PBS with 5 mg/ml of lysozyme, 25U/ml of mutanolysin and 1mg/ml of 2-nitrophenyl-β-Dgalactopyranoside (ONPG; Sigma-Aldrich, Warsaw, Poland). After 2 h of incubation at 37°C, bacteria were centrifuged at 16000 x g for 1 min, and 100 µl of supernatant was placed in 96-well plate for colorimetric measurement at 420 nm.
MATH assay.
Cell surface hydrophobicity of the bacteria was determined by measuring their adsorption to n-octane in a two-phase partitioning system based on the technique of Rosenberg (Rosenberg 2006 . Twenty one-days-postconfluent Caco-2 cell monolayers were washed with HBSS, briefly, the growth medium was removed and the cell monolayer was overlayed with 1 ml of HBSS, which was removed after 1 min agitation. In the next step, bacterial cells suspension at concentration of approximately 5x10 8 cfu/ml were added to each well in 2.0 ml (total volume) of HBSS and incubated at 37ºC
in an atmosphere of 10 % (v/v) CO 2 in air. After 60 min incubation, the monolayers were washed three times with sterile, HBSS to remove free bacterial cells. The amount of adhered bacterial cells was estimated from the radioactivity remaining in the Caco-2 monolayer. Each assay was performed in triplicate. Radiolabeled bacteria in amount initially added for adhesion and washed Caco-2 monolayer with adhered radiolabeled bacteria were lysed in 0.9 ml of 1 % SDS, then 0.1 ml of 1 M NaOH was added and the lysate was incubated overnight at 60ºC to complete lysis. 
Oligonucleotides used in this study for human gene transcripts were as follows:
Primers were designed using Primer 3 online tool (Untergrasser et al. 2012 ).
Statistical analysis.
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Each assay was performed in triplicate. Differences between measurements were examined for significance by Student's t-test after analysis of variance with Statistica software (v6; StatSoft). P > 0.05 was not statistically significant. RT-qPCR data was analysed using comparative Ct (∆∆CT) method (Schmittgen and Livak 2008, Vandesompele et al. 2002) with global normalization algorithm (Vandesompele et al. 2002) in DataAssist Software ver. 3.01
(Applied Biosystems, Warsaw, Poland).
Results
Varoius fixation treatments have dissimilar effect on L. rhamnosus GG viability.
The efficacy of bacteria fixation was evaluated based on the results obtained after incubation of MRS agar plates for 48 h incubation, results are presented in Table 2 . Complete fixation Fixation conditions with aldehyde-based agents were chosen on basis of their best activity and shortest time of action. Alcohol-based fixatives were used at 70% since it is the concentration commonly used in disinfectants. 
Discussion
Probiotic bacteria affect many processes in the human body through a number of interactions with intestinal epithelium. They are usually mediated by changes in gene expression in epithelial cells. Changed levels of some gene products may lead to the development of inflammation in the intestines (Daig et al. 1996 , Mahida et al. 1992 , Mazzucchelli et al. 1994 or affect the continuity and proper function of the intestinal barrier (Ivanov et al. 2004 ). yielded lower losses in enzymatic activity than treatment with 70% ethanol, the latter method may be preferable as the alcohol is considered a 'food grade' reagent.
The results confirm that the external structural elements of L. rhamnosus GG include factors responsible for adhesion to the enterocytes. These elements are modified by the action of fixative agents, which alters the ability of adhesion. Based on the mechanisms of action of the fixating factors used, it should be expected that proteins were the molecules most influenced by them, whereas polysaccharides ware not as prone to changes in conformation.
Factors such as high temperature and alcohols are mainly used for disinfection. Temperature in the range of 60°C to 90°C causes denaturation of proteins, nucleic acid degradation and release of low molecular weight substances from cells (Russel 1991) .
Increased efficiency of adhesion after application of denaturing agents (ethanol and 2-propanol) and potent cross-linking agents (paraformaldehyde, glutaraldehyde) is likely to be caused by large conformational changes within the proteins present in the outer structures of the bacteria. Alcohols work as coagulants and precipitate proteins. They also affect the cell membrane lipids, making it more rigid and impermeable (Ballesteros et al. 1998 ).
Aldehydes, such as glutaraldehyde, formaldehyde and paraformaldehyde are most often used to stabilize the tissue or cell cultures (Fox et al. 1985) . rhamnosus GG (which were shown to downregulate CCR6 expression in this study) may provide a protective function against inflammatory bowel disease. The molecular mechanism behind this phenomenon needs to be better understood.
Elevated levels of IL-8 have been widely observed in cases of chronic inflammatory bowel diseases (Daig et al. 1996 , Mahida et al. 1992 , Mazzucchelli et al. 1994 ). So far, numerous studies on the influence of pathogenic bacteria on IL-8 production by epithelial cells have been performed (Jung et al. 1995 , Larsson et al. 1999 , Schutle and Wattiau 1996 .
Data on the activation of cytokines production by probiotics are ambiguous and vary MacDonald et al. 2009 , Morita et al. 1994 , Morita et al. 1999 , Niessen, 2007 .
Claudine-1 and ocludine-1 expression is known to be reduced in intestinal bowel disease (IBD) and its decreased expression is correlated with the intensity of the IBD symptoms There are a few studies on the use of inactivated probiotics in humans that relate almost exclusively to heat inactivated bacteria. Rayes et al. (2002) conducted a study on patients awaiting abdominal surgery who were supplemented with thermally inactivated probiotics. Post-operative infections occurrence decreased by a factor of three in the group receiving the probiotic as compared to the placebo group. There are a few clinical studies which suggest that inactivated probiotics are able to modulate human immune system by changing gene expression or by modulating host T-cell responses (Hirose et al. 2006 , Van Baarlen et al. 2009 ). They can also alleviate the symptoms of asthma (Wheeler et al. 1997) .
Two studies showed that live lactobacilli are more effective than heat-inactivated probiotics in alleviating the symptoms of diarrhoea (Hirose et al. 2006 
